One hundred twenty CTX-M-15-producing Escherichia coli strains isolated in 10 different hospitals from Paris (France), in the Hospital Charles Nicolle in Tunis (Tunisia), and in the Pasteur Institute in Bangui, Central African Republic (CAR), between 2000 and 2004 were studied. Eighty isolates, recovered from the three countries, were clonally related by repetitive extragenic palindromic PCR and pulsed-field gel electrophoresis. Various resistance profiles were identified among these clonal strains. After conjugation or electroporation of plasmids from E. coli strains representative of each profile and each geographic region, we observed seven resistance profiles in the recipient strains. Incompatibility typing showed that all the plasmids transferred from the clonal strains studied, except one, belonged to the incompatibility group FII. They all shared a multidrug resistance region (MDR) resembling the MDR region located in pC15-1a, a plasmid associated with an outbreak of a CTX-M-15-producing E. coli strain in Canada. They also shared the common backbone of an apparent mosaic plasmid, including several features present in pC15-1a and in pRSB107, a plasmid isolated from a sewage treatment plant. This study suggests that although the plasmid-borne bla CTX-M-15 gene could be transferred horizontally, its dissemination between France, Tunisia, and CAR was due primarily to its residence in an E. coli clone with a strong propensity for dissemination.
While the first extended-spectrum ␤-lactamases were derived by point mutations from the common TEM-and SHVtype ␤-lactamases (4), new families of extended-spectrum ␤-lactamases among which the CTX-M-type ␤-lactamases (first reported in 1986) have increased dramatically since 1992 have been described more recently (2) . These later enzymes are now present in most parts of the world and constitute probably the most widespread enzymes among the Enterobacteriaceae (11) . Recent surveys from Canada, Italy, Greece, and the United Kingdom have illustrated an alarming trend in the association between these CTX-M enzymes and resistance to other classes of antimicrobial agents (12) . This is explained by the finding that the bla CTX-M genes are commonly found on plasmids often carrying genes that confer resistance to multiple antibiotics, including aminoglycosides, chloramphenicol, sulfonamide, trimethoprim, and tetracycline (2, 10) . One of the CTX-M-type ␤-lactamases, CTX-M-15, first described in 2001 (8) and differing from CTX-M-3 only by an Asp-240-Gly substitution which increases its catalytic efficiency against ceftazidime (2), is now found worldwide. Found mainly in strains of Escherichia coli isolated from both hospital and community settings, it was involved in several outbreaks in France, the United Kingdom, and Canada (3, 9, 10, 17) . The complete sequence of the plasmid pC15-1a that was found associated with the Canadian outbreak has recently been reported (3) . This plasmid harbored a multidrug resistance (MDR) region which consists of many transposable elements and all drug resistance genes found in pC15-1a, including bla CTX-M-15 (3) . In a previous study, the DNA sequence of the surrounding region of bla CTX-M-15 of a representative isolate from our hospital was 100% identical to the corresponding region of pC15-1a (7) .
In the present study, we first determined the genetic relatedness of a collection of multiresistant CTX-M-15-producing E. coli strains isolated in different hospitals in France, Tunisia, and the Central African Republic (CAR); then we analyzed the backbone and the particular structures of the MDR regions of the CTX-M-15-encoding plasmids present in representative strains.
MATERIALS AND METHODS
Bacterial strains. One hundred twenty isolates of CTX-M-15-producing E. coli recovered, between 2000 and 2004, in the Charles Nicolle Hospital in Tunis (Tunisia), in the Pasteur Institute in Bangui (CAR), and in 10 different hospitals in Paris (France) were studied (Table 1 ). More than 80% of these clinical isolates were recovered from urinary specimens. CTX-M-15 in these strains was characterized as described previously (6) .
Molecular typing. Repetitive extragenic palindromic (REP) PCR using a GeneAmp PCR system 9700 (PE Biosystems, Courtaboeuf, France) was performed with genomic DNA as described previously (6) . Pulsed-field gel electrophoresis (PFGE) was performed using a GenePath system (Bio-Rad, Marnes-la-Coquette, France) with genomic DNA (5) digested once with XbaI and once with NotI (Ozyme, Saint Quentin en Yvelines, France). Isolates were considered to be genetically related if their DNA macrorestriction patterns differed by fewer than seven bands (16) .
Antimicrobial susceptibility. Susceptibility to antimicrobial agents was determined using an antibiotic disk (Bio-Rad) diffusion method on Mueller-Hinton agar (Bio-Rad). The results were interpreted according to the standards of the French Antibiogram Committee (http://www.sfm.asso.fr).
Conjugation and transformation experiments. Mating experiments were performed as previously described (6) using E. coli J53-2 (met pro; Rif r ) as a recipient strain. Transconjugants were then selected on Trypticase soy (Bio-Rad) agar plates containing rifampin (250 g/ml) and cefotaxime (2.5 g/ml).
For transformation, plasmid DNA, isolated with a QIAGEN plasmid DNA midi kit (QIAGEN, Courtaboeuf, France), was transferred by electroporation into E. coli DH10B cells (Invitrogen SARL, Cergy-Pontoise, France). Transformants were incubated for 1.5 h at 37°C and plated on Trypticase soy agar supplemented with cefotaxime (2.5 g/ml).
PCR experiments. Plasmid DNA extracted from transconjugants or transformants of different E. coli strains was used as a template for PCR. Incompatibility typing was based on PCR amplification of conserved regions within the plasmid replicon (13) . The sequence of the MDR region of pC15-1a (accession number AY458016) (3) was used for the design of PCR primers used in this study (Table 2 ) and the corresponding amplified regions shown in Fig. 1 .
Hybridization of plasmid DNA. HpaI-digested plasmid DNA was transferred onto a nylon membrane, Hybond N ϩ (Amersham Biosciences, Saclay, France), using the Southern method (14) . Southern hybridizations with bla CTX-M-15 , bla OXA-1 , bla TEM-1 , tetA, aac(6Ј)-Ib, and aac(3)-II probes were performed using an ECL nonradioactive labeling and detection kit (Amersham Biosciences). The sequences of all PCR products used as probes were verified. Hybridization was also performed with a "backbone" probe consisting of HpaI restriction fragments of less than 9 kb obtained from plasmid EpLA2 ( Table 3 ). Bands were purified with a GFX PCR DNA and gel band purification kit (Amersham Biosciences).
Partial plasmid sequencing. HpaI fragments of less than 9 kb (backbone) of plasmid EpPB01 were cloned into the ScaI (Ozyme) site of phagemid pBK-CMV (Stratagene, La Jolla, Calif.) and introduced into E. coli DH10B by electroporation. The molecular sizes of 115 clones were estimated after electrophoresis in 1% agarose gels, using a supercoiled DNA ladder (Invitrogen SARL) as a size standard. Forty-five clones containing fragments of between 1 and 8 kb were selected and totally or partially sequenced (up to 1,600 bp per clone) using universal M13 and M13 reverse primers.
RESULTS
Molecular typing. One hundred twenty CTX-M-15-producing E. coli isolates were studied by REP-PCR. Among these, 40 isolates were not clonally related while 80 isolates, recovered in six different centers in the three countries, were Antimicrobial susceptibility of clonally related strains and their transconjugants and transformants. All clonally related strains were resistant to ciprofloxacin in addition to extendedspectrum cephalosporins. Taking into account the susceptibilities to aminoglycosides, tetracycline, trimethoprim, and sulfamides, different profiles were identified. One E. coli strain representing each profile and each geographic region was studied further: TN03, TN08, TN34, TN36, TN49 (from Tenon Hospital), ER15 (from Emile Roux Hospital), LA2 (from Lagny Hospital), PB01 (from Paul Brousse Hospital), TU (from Tunisia), and CAF (from CAR). In addition, the clonally unrelated TN50 strain, susceptible to all antibiotics except cefotaxime, was used as a negative control. Cefotaxime resistance was transferred by conjugation into E. coli J53-2 from six of these E. coli strains, including TN50, and by electroporation of plasmid DNA from the five other strains into E. coli DH10B. Eight resistance patterns were observed in the transconjugants and transformants (including the control strain) and were compared to those observed in the transconjugants obtained from nonclonally related E. coli isolates, TN17, TN15, and TN20 ( Table 3 ). The quinolone resistance was not transferred in any case.
Plasmid DNA fingerprinting and hybridization in clonally related strains. After HpaI restriction, the sizes of the plasmids extracted from each of the transconjugants and transfor- Table 2 . Black arrow, IS26; light-gray arrow, tnpA; dark-gray arrow, tnpR. 
The localization of the gene encoding resistance to trimethoprim and sulfamides was not explored. ϩ, presence; Ϫ, absence. b Antibiotic resistance profile present in the recipient containing the different plasmids: profile 1, cefotaxime, kanamycin, gentamicin, tobramycin, netilmicin, amikacin, and tetracycline; profile 2, cefotaxime, kanamycin, gentamicin, tobramycin, netilmicin, amikacin, tetracycline, and trimethoprim; profile 3, cefotaxime, kanamycin, tobramycin, netilmicin, amikacin, tetracycline, and trimethoprim; profile 4, cefotaxime, kanamycin, tobramycin, netilmicin, amikacin, and tetracycline; profile 5, cefotaxime, kanamycin, gentamicin, tobramycin, netilmicin, and amikacin; profile 6, cefotaxime, kanamycin, gentamicin, tobramycin, netilmicin, amikacin, trimethoprim, and sulfamides; profile 7, cefotaxime and tetracycline; profile 8, cefotaxime.
c Ep, plasmid obtained from electroporant; Tc, plasmid obtained from transconjugant. EpTN03, EpPB01, TcTN49, EpCAF, TcTN08, TcTN36, EpLA2, TcER15, EpTU, and TcTN34 were issued from the clonal E. coli strains. TcTN17, TcTN15, and TcTN20 were issued from the nonclonal E. coli Tenon collection harboring the same MDR as the plasmids issued from the clonal E. coli strains. TcTN50 harboring CTX-M-15 was used as a control.
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DISSEMINATION OF CTX-M-15-PRODUCING STRAINS OF E. COLI 2435 mants were estimated to be 95 kb to 130 kb, except for plasmids pTcTN34 and pTcTN50 (control), the sizes of which were 10 kb and 80 kb, respectively ( Fig. 2A) . While identical fingerprints were found for plasmids pEpTN03 and pEpPB01 ( Fig.  2A) , similar patterns of HpaI-digested fragments of less than 9 kb were observed for the remaining plasmids, except pTcTN34 and pTcTN50. These results suggested that a common backbone was present in most of these plasmids. This was confirmed by hybridization analysis using the backbone probe generated from plasmid EpLA2 (Fig. 2B ). Southern hybridization analysis with the bla CTX-M-15 , bla OXA-1 , bla TEM , tetA, aac(6Ј)-Ib, and aac(3)-II probes showed, for each plasmid, that all these resistance genes were located on one or two high-molecular-weight, HpaI-generated fragments of over 9 kb ( Fig. 3 and data not shown) . The bla CTX-M-15 probe always hybridized with both fragments, due to the presence of an HpaI restriction site in bla CTX-M-15 ( Fig. 3) indicating that these were two neighboring fragments on the plasmid HpaI restriction map. tetA, bla OXA-1 , aac(6Ј)-1b, and aac(3)-II, when present, were located on the larger fragment, while bla TEM was present on the smaller fragment ( Fig. 3 and data not shown). Plasmid pTcTN34 (profile 7) from one of the clonal E. coli strains harbored, after electroporation, only bla CTX-M-15 and a tet resistance gene different from tetA (Table 3 , Fig. 3 , and data not shown). The control plasmid pTcTN50 (profile 8) harbored only bla CTX-M-15 ( Fig. 3 and data not shown).
Detection of common sequences with the pC15-1a MDR region. Incompatibility typing based on PCR amplification of conserved regions within the plasmid replicons showed that all the plasmids transferred from the clonal strains studied, except TcTN34, belonged to the incompatibility (Inc) group FII (data not shown). This, in addition to the presence on the same DNA fragment of the particular set of resistance genes described above, including bla CTX-M-15 , suggested the presence of an on October 14, 2017 by guest http://aac.asm.org/ MDR region similar to that described for plasmid pC15-1a by Boyd et al. (3) . The latter was isolated from a multiresistant E. coli strain during a major outbreak in Canada. Thus, oligonucleotides were designed (Table 2) to detect PCR products which would allow the identification of junction regions within this MDR region ( Fig. 1 and Table 2 ). Since these plasmids could have disseminated horizontally, we sought to determine whether a similar MDR region existed on plasmids of some of the nonclonal E. coli strains harboring CTX-M-15. Among 15 nonclonal E. coli isolates from Tenon Hospital, three (TN15, TN17, and TN20) were shown to harbor an Inc FII group plasmid. After conjugation and selection on cefotaxime, the Inc FII plasmids present in E. coli J53-2 were restricted with HpaI and shown to have the same backbone as the other plasmids derived from the clonal strains described above (data not shown). These three transconjugants had the susceptibility profile 1 (Table 3) .
Interestingly, all the Inc FII group plasmids isolated from the clonal strains and those from the Tenon nonclonal strains showed an organization compatible with that of the MDR region present in pC15-1a (Table 3) . No difference was found between the MDR region organization of pC15-1a ( Fig. 1 ) and those of EpTN03 and EpPB01 (Table 3 and data not shown). Six out of the 12 plasmids showed the absence of both junctions 5 and 6 although bla CTX-M15 and bla TEM-1 were present (Table 3 ). For TcTN08, TcTN36, and EpLA2, junctions 3 and 4, as well as the aac(3)-II gene that was supposed to be present between these two junctions, were not detected ( Table 3) .
Partial plasmid characterization. To better understand the assembly of these plasmids with apparently similar backbones (see above), we cloned fragments of less than 9 kb of one representative plasmid, EpPB01. Forty-five clones containing fragments of between 1 and 8 kb were selected, and their extremities (ca. 800 bp) were sequenced using M13 universal primers. Nonredundant sequences allowed partial identification of 16 open reading frames (ORFs). Four ORFs showed Ͼ95% identity with psiA, psiB, traT, and yhfA present in pC15-1a and R100 (3). Three ORFs showed Ͼ97% identity with ECs1338, ECs1339, and yehA present in pC15-1a and pRSB107 (15) but absent in R100 (3, 15) . One ORF (ydaA) was found to be present in these three plasmids. Eight ORFs showed Ͼ98% identity with orf101, orf102, orf105, orf106, orf132, orf133, orf134, and orf135 present only in pRSB107 (15) .
DISCUSSION
The prevalence of CTX-M-type ␤-lactamases has increased dramatically since 1992 (2), and these are now probably the most widespread enzymes in Enterobacteriaceae (11) . This phenomenon could be explained by horizontal transfer of plasmids carrying bla CTX-M among nonrelated Enterobacteriaceae as well as clonal dissemination of CTX-M-producing microorganisms. Among the CTX-M-type ␤-lactamases, the CTX-M-15 variant which occurs mainly in E. coli seems to be epidemic in most countries (3, 9, 10, 17) . Unexpectedly, in this study, 80 out of 120 CTX-M-15-producing E. coli strains isolated in different centers in the Paris area, in Tunis and, to a lesser extent, in Bangui (CAR) were found to be clonally related.
With one exception, all the CTX-M-15-encoding plasmids present in the transformants or transconjugants, obtained from selected clonal strains isolated at different locations and specifying different antibiotic susceptibility profiles, belonged to the incompatibilty group FII. This was reminiscent of the pC15-1a plasmid encoding CTX-M-15 in Canada, as described by Boyd et al. (3) . An MDR region resembling that of pC15-1a containing different resistance genes, including bla CTX-M15 , was present in these plasmids. While two plasmids showed the exact same organization as that seen in the MDR region of pC15-1a, an MDR region close to that of pC15-1a was present in all other plasmids, suggesting different rearrangements in their MDR regions. In pC15-1a, the MDR region consists mostly of transposons or partial transposons and five copies of the insertion sequence IS26. In particular, the aac(3)-II gene encoding gentamicin resistance and surrounded by two IS26 elements was absent in 3 out of the 12 plasmids studied. A similar variability in the presence of the the aac(3)-II gene has previously been observed in clonally related CTX-M-15-producing E. coli isolates in a Parisian geriatric hospital (10) . Fingerprinting with HpaI of the plasmids studied here revealed a backbone of common fragments of less than 9 kb, but their profiles differed from that described for pC15-1a (3). Sequence analysis of different HpaI-generated backbone fragments of the representative plasmid EpPB01 (Table 3) showed that it was a mosaic plasmid which shares common ORFs with R100, pC15-1a, and pRSB107, a multiresistance IncF plasmid isolated from activated sludge bacteria of a wastewater treatment plant (15) . If the MDR region present in the strains studied here resembles that of pC15-1a, it is very different (in terms of resistance genes) from those harbored by pRSB107 and R100. Thus, it is likely that EpPB01 and the related plasmids were gradually assembled by integration of different horizontally acquired DNA segments via transposition or homologous recombination (15) . It is noteworthy that CTX-M-15-encoding plasmids from nonclonal Inc FII strains had an MDR similar to that of the CTX-M-15-encoding plasmids present in the clonal strains, suggesting horizontal plasmid transfer between these strains.
In conclusion, we demonstrated that the current dissemination of CTX-M-15-producing strains of E. coli in the Paris area is due mainly to the diffusion of an epidemic clone, reminiscent of the dissemination of SHV-4-producing strains of Klebsiella pneumoniae previously attributed to a French epidemic clone (1) . Surprisingly, clonally related E. coli strains harboring very close Inc FII, CTX-15-encoding plasmids were also found in Tunisia and the Central African Republic. This suggests the existence of a particular CTX-M-15-producing E. coli clone that may have additional characteristics which would explain its extraordinary propensity for colonization. On the other hand, dissemination of the CTX-M-15-encoding mosaic plasmids by horizontal transfer was also very likely since they were similarly found in clonally unrelated strains that were not implicated in outbreaks.
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